conversion devices. [1] In recent years, it has been recognized that the inverted device structure, where the modified indium tin oxide (ITO) is used as the cathode, is advantageous over the conventional device structure. [2] Inverted devices have demonstrated much better device stability since they avoid the acid poly (3,4-ethylenedioxythiophene):(polystyrene sulfonic acid) (PEDOT:PSS) and the easily-oxidized low work function cathode metals. [3] In addition, the inverted structure also takes advantage of the vertical composition gradient in the active layer, with fullerene-rich phase close to the cathode and polymer-rich phase close to the anode. [4] As a result, the record efficiency (9.2%) of single-junction PSCs has been achieved in the inverted device. [5] The key issue in inverted PSCs is the development of interlayers, which make the ITO suitable to work as the cathode. [6] The interfacial materials can be grouped into two categories, i.e. inorganic and organic materials. Although inorganic interfacial materials also give decent device performance, [7] organic materials are believed to have better compatibility with the active layer, assisting morphology optimization and charge extraction. [8] For example, in the single-junction PSC with the record efficiency, an organic interlayer was employed. [5] In these organic interfacial materials, the interface dipole introduced by the pendant group plays a critical role in adjusting the work function of the ITO and enhancing the electron collection from the acceptor to ITO. [9] In principle, the conjugated backbones of these interlayers are also important in interfacial modification, since they affect the charge transport, energy gaps, hydrophobicity, etc. [10] In spite of intensive research in this area, little is known about the effect of the backbones of the interfacial materials on the performance of inverted PSCs. [11] In this communication, we developed two alcohol-soluble organic small molecules as interlayers for highly efficient inverted PSCs. By modifying the conjugated backbones while fixing the polar pendant group, we aim to investigate the relationship between the backbones of cathode interlayer materials and device performance. Simply by adding two thiophene units to the backbone of the interfacial materials, we can increase the device power conversion efficiency from less than 8.0% to 9.2%. We find that the difference in the device performance is caused by the difference in the morphology of the active layer, which can be significantly influenced by the conjugated backbone of the cathode interlayer materials.
The structures of the two alcohol-soluble small molecules are shown in Scheme 1. FBF-N and FTBTF-N possess similar structure, with a conjugated backbone and a side chain pendant N,N-dimethyl amino group. Both of them were synthesized through Suzuki coupling reaction with good yields over 60%. Figure S1 , and relevant data are listed in Table S1 . Films were prepared by spin-casting from methanol solutions on quartz substrates. In solution, the absorption maximum for FBF-N is located at 317 nm and 408 nm, while that for FTBTF-N is at 363 nm and 502 nm, respectively. The longer wavelength absorption bands for FBF-N and FTBTF-N can be assigned to intramolecular charge transfer (ICT) transition. showed a PCE value as high as 9.22%, which is among the highest PCEs for single-juncton BHJ PSCs. [5] Compared to the devices with FBF-N as the cathode interlayer, the improvement in the performance of the FTBTF-N device mainly arises from higher J sc and FF.
One of the direct reasons that could result in the difference in J sc is different exciton generation rate. Since the HOMO/LUMO levels of PTB7 lie between those of the interlayer materials, [1d] the exciton generation in the active layer could be potentially affected by energy transfer from the interlayer materials to the active layer materials. Therefore, we normalized the external quantum efficiency (EQE) spectra at 680 nm, where neither FTBTF-N nor FBF-N absorbs. As shown in Figure S2a , indeed, the FTBTF-N device demonstrates slightly
higher EQE values in the wavelength regime where FTBTF-N absorbs, indicating possible energy transfer from the interlayers to PTB7. In order to examine how strong this effect could be, we compared the absorption spectrum of the active layer on the FBF-N film with that on FTBTF-N. As shown in Figure S2b , consistent with EQE spectra, slightly stronger absorption of the active layer on the FTBTF-N film is observed in the regime where FTBTF-N absorbs. However, the difference in absorption is small. A rough estimation by integrating the absorption spectra over the solar spectrum shows that the small difference in absorption could only result in less than 1% difference in exciton generation, which could not explain over 10% difference in photocurrent generation. [12] Therefore, the difference in J sc of the two devices is supposed to result from subsequent charge generation and recombination processes, rather than from exciton generation. [14] In order to have a deep insight of the higher J sc and FF of FTBTF-N devices induced by photoactive morphology, highly sensitive electroluminescence (EL) spectra and Fouriertransform photocurrent spectroscopy (FTPS) measurements were carried out. EL and FTPS measurements probe the weak emission and absorption of charge-transfer (CT) states between the donor and the acceptor in PSCs. While AFM examines the morphology on the surface, EL and FTPS could provide morphology information of the whole active layer. [15] Figure 3a compares the EL spectra of the FBF-N device and the FTBTF-N device, which were measured using the same injection current and normalized at the peak position of the CT emission. The emission band around 820 nm and 1000 nm are assigned to pure PTB7 emission and the PTB7/PC 71 BM interfacial CT emission, respectively. The FBF-N device exhibited an obvious emission at 820 nm, which was not observed in the FTBTF-N device.
This means that the pure PTB7 polymer emission is more suppressed in the FTBTF-N device, indicating better phase separation and larger PTB7/PC 71 BM interfacial area. This conclusion is consistent with higher photocurrent for the FTBTF-N device. The FTPS Spectra (Figure 3b) are normalized in the region of polymer absorption. There is an increase for the CT emission signal from the sample based on the FTBTF-N device, indicating better intermixing between the donor and the acceptor. [16] This agrees well with the reduced domain size observed in AFM and decreased pure polymer EL in the FTBTF-N device. Thus it could be concluded that the increased PTB7/PC 71 BM interfacial area contributes to the observed increase in J sc and FF.
In addition to the morphological variation, we also investigated the wetting properties of of FTBTF-N could be attributed to the more hydrophobic property of FTBTF-N than FBF-N. [17] Previous researches about alcohol-soluble organic cathode interlayers have focused on how to reduce the work function of ITO. Here, our results suggest that not only the polar pendant group can help to reduce the work function of ITO, which will increase V oc , but also the design of backbone can help to modify the hydrophobic property of interlayer, which will enhance J sc and FF.
In summary, two hydrophilic small molecules were synthesized and used as the cathode interlayer in inverted PSCs. Both of them exhibited efficient cathode interlayer modification, and with FTBTF-N as the cathode interlayer, a PCE value as high as 9.22% was achieved.
Compared with FBF-N devices, FTBTF-N devices exhibited a higher J sc and FF. The higher J sc and FF were attributed to the more hydrophobic property of FTBTF-N, leading to the formation of better morphology upon the photoactive layer deposition. The effect of the backbone structures of cathode interlayer materials on the performance of inverted PSCs was investigated. We found that the cathode interlayer could enhance not only V oc but also J sc and FF of inverted PSCs by structural design of polar pendant group and backbone. Our work boosts the understanding to the cathode interlayer of inverted PSCs and provides a new point of view to the development of novel cathode interlayer materials for inverted PSCs.
Experimental Section

Measurement and characterization:
1 H NMR and 13 C NMR spectra were recorded on a
Bruker 400 MHz AVANCE Ⅲ with tetramethylsilane as an internal reference. Mass spectra were obtained on a Finnigan LCQ mass spectrometer. UV-vis absorption spectra were recorded on a mapada UV-3300 spectrophotometer. Cyclic voltammetry (CV) was carried out on a CHI600D electrochemical workstation with a platinum working electrode of 2 mm diameter and a platinum wire counter electrode at a scan rate of 50 mV s -1 against a saturated calomel electrode (SCE) reference electrode with an argon saturated anhydrous solution of 0.1 mol/L tetrabutylammonium hexafluorophosphate (Bu 4 NPF 6 ) in acetonitrile. The film for electrochemical measurements was coated from its dichloromethane solution. The tappingmode AFM images were obtained by using a scanning probe microscope (Dimension3100V).
Contact angle measurements were performed on a video-based optical contact angle measuring instrument (OCA20, Dataphysics Corp.). EL spectra were obtained with a Shamrock SR-303i spectrograph from Andor Tech., coupled to a Newton EM-CCD Si array detector. The highly sensitive FTPS were measured using a Vertex 70 from Bruker optics. 
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